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(57) ABSTRACT 

In automatic placing and routing, a standard cell 101 is com 
posed of a P-channel transistor region 102 and an N-channel 
transistor region 103. The P-channel transistor region 102 has 
a P-channel functional transistor forming region 104, and the 
N-channel transistor region 103 has an N-channel functional 
transistor forming region 105. In a space region of the 
N-channel transistor region 103 other than the N-channel 
functional transistor forming region 105, a poWer source 
capacitor forming region 106 is formed at a portion of the 
P-channel transistor region 102 opposing the P-channel func 
tional transistor forming region 104. In this region, a poWer 
source capacitor is formed to suppress the IR-Drop of a poWer 
source Wiring line. 

12 Claims, 14 Drawing Sheets 
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STANDARD CELLS, LSI WITH THE 
STANDARD CELLS AND LAYOUT DESIGN 
METHOD FOR THE STANDARD CELLS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This Non-provisional application claims priority under 35 
U.S.C.§119(a) on Patent Application No. 2004-269544 ?led 
in Japan on Sep. 16, 2004, the entire contents of Which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor integrated 
circuit and a standard cell for use in a semiconductor inte 
grated circuit. More particularly, the present invention relates 
to a standard cell comprising a poWer source capacitor, a 
semiconductor integrated circuit comprising the standard 
cells, and a layout design method for the standard cells. 

For recent large-scale semiconductor integrated circuits, 
for example, an automatic placing and routing technique 
employing standard cells is Widely used in order to design a 
high-performance semiconductor integrated circuit having an 
improved operating frequency, loW poWer consumption, and 
the like in a short period of time. Examples of the standard cell 
include logic cells (e.g., an inverter circuit, a NAND circuit, 
an OR circuit, etc.), sequential cells (e. g., a ?ip-?op circuit, a 
latch circuit, etc.), and the like. A transistor Which is used to 
construct such a standard cell circuit is herein referred to as a 
functional transistor. 

Next, an exemplary conventional method of designing a 
semiconductor integrated circuit by automatic placing and 
routing is illustrated in FIG. 13. In the automatic placing and 
routing, step S1301 of producing a layout of standard cells 
Which may be used in a netlist is previously performed. The 
standard cell layout producing step S1301 further includes 
producing a cell (hereinafter referred to as a poWer source 
capacitor cell) Which includes only a poWer source capaci 
tance component (hereinafter referred to as a poWer source 
capacitor) With respect to a poWer source Wiring line, but not 
a functional transistor for a standard cell. 

In addition to step S1301, a netlist required to design a 
semiconductor integrated circuit is logically synthesiZed 
(step S1302) from a resistor transfer level (RTL) Which is 
functionally described, using timing constraint information 
and poWer consumption information obtained in step S1303. 
In this case, mapping and optimiZation of a netlist are per 
formed With respect to cells (e.g.,-a standard cell, a custom 
iZed cell, etc.). As a standard cell used in this mapping, the 
standard cell produced in step S1301 is selected. Based on the 
netlist thus obtained in the logic synthesis step S1302, the 
standard cells are arranged on a mask (step S1304). Next, in 
Wiring step S1305, Wiring is performed betWeen the standard 
cells to satisfy a connection relationship betWeen each stan 
dard cell. Step S1304 and step S1305 are repeated until meet 
ing a speci?cation (e.g., timing, poWer consumption, etc.). 
Finally, in step S1306, a space region betWeen each standard 
cell provided is detected, and a poWer source capacitor cell is 
inserted into the detected space region (step S1307). Thus, a 
semiconductor integrated circuit is completed (step S1308). 

Next, a conventional IR-Drop reducing technique Will be 
described. Concerning a standard cell used in automatic plac 
ing and routing, the timing of the standard cell can be 
uniquely determined by applying a constant voltage required 
for an operation from a poWer source Wiring line Which sup 
plies a poWer source potential When a functional transistor in 
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2 
the standard cell is operated. HoWever, such a poWer source 
Wiring line has a resistance component, and the voltage of the 
poWer source Wiring line is transiently changed When a cur 
rent ?oWs through the functional transistor of the standard 
cell. Therefore, the applied voltage cannot be alWays kept 
constant (hereinafter, such a change is referred to as an IR 
Drop, and an instantaneous maximum IR-Drop is represented 
by a peak IR-Drop). Particularly, When standard cells Which 
are operated With the same timing are cascaded on the same 
poWer source Wiring line in a semiconductor integrated cir 
cuit, the amount of current ?oWing into these standard cells 
from the same poWer source Wiring line increases, resulting in 
a signi?cant IR-Drop. Therefore, the timings of standard cells 
in the semiconductor integrated circuit are not uniquely deter 
mined, highly likely leading to a logically erroneous opera 
tion. In this situation, it is a knoWn technique to connect a 
poWer source capacitor to a poWer source Wiring line used in 
a semiconductor integrated circuit to suppress an IR-Drop in 
order to suppress a sudden IR-Drop in the semiconductor 
integrated circuit. 

Next, a poWer source capacitor cell used in automatic plac 
ing and routing Will be described. In automatic placing and 
routing, the folloWing method is Widely used: a poWer source 
capacitor cell is previously prepared as a standard cell for use 
in a semiconductor integrated circuit, and the poWer source 
capacitor cell is inserted into a space region in Which no 
standard cell of the semiconductor integrated circuit is pro 
vided. HoWever, a standard cell Which is likely to logically 
erroneously operate due to an IR-Drop signi?cantly occurs 
When a plurality of standard cells are cascaded on the same 
poWer source Wiring line as described above. Such a standard 
cell Which is likely to logically erroneously operate is often 
present on a signal path Which requires a most strict timing of 
a semiconductor integrated circuit (hereinafter referred to as 
a critical path). Particularly, on the critical path, standard cells 
are arranged as closely as possible to each other in order to 
reduce the load of a Wiring line connecting betWeen each 
standard cell. A poWer source capacitor cell required to sup 
press an IR-Drop in such a densely arranged portion needs to 
be inserted into the region in Which the standard cells are 
densely arranged. Therefore, in a semiconductor integrated 
circuit in Which a standard cell and a poWer source capacitor 
cell are arranged, the area of the semiconductor integrated 
circuit is increased by an area in Which the poWer source 
capacitor cell is placed. There is also a conventional tech 
nique to calculate the current amount of standard cells and 
insert a minimally required number of poWer source capacitor 
cells. Also in this technique, an area in Which a poWer source 
capacitor cell is inserted needs to be secured, so that the area 
of the semiconductor integrated circuit is increased by the 
area of the poWer source capacitor cell. 

Next, a conventional poWer source capacitor composed of 
a MOS transistor Will be described With reference to FIG. 
14A to 14D. FIG. 14A illustrates a conventional poWer source 
capacitor employing an N-channel transistor. In FIG. 14A, 
1401 indicates a poWer source Wiring line through Which a 
poWer source potential is supplied, and 1402 indicates a 
poWer source Wiring line through Which a ground potential is 
supplied. The poWer source capacitor is constructed to pro 
vide a capacitor betWeen the poWer source Wiring-lines 1401 
and 1402. Further, 1403 indicates a contact, 1404 indicates a 
gate electrode, and 1405 indicates a drain region or a source 
region of the poWer source capacitor. FIG. 14B is a cross 
sectional vieW of the poWer source capacitor, taken along line 
1411-1411 in an N-channel transistor producible region of FIG. 
14A. In FIG. 14B, the gate electrode 1404 of the poWer source 
capacitor is connected via the contact 1403 to the poWer 
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source Wiring line 1401 through Which the power source 
potential is supplied, and the drain region or source region 
1405 of the poWer source capacitor is connected via the 
contact 1403 to the poWer source Wiring line 1402 through 
Which the ground potential is supplied. With such a connec 
tion to the poWer source potential or the ground potential, a 
channel region 1407 is formed. A ?rst substrate 1409 is con 
nected to the ground potential, and a gate oxide ?lm 1406, 
Which is an insulator, is provided betWeen the gate electrode 
1404 and the channel region 1407, so that a poWer source 
capacitor 1408 is formedbetWeen the gate electrode 1404 and 
the channel region 1407. 

FIG. 14C illustrates a conventional poWer source capacitor 
employing a P-channel transistor. In FIG. 14C, 1401 indicates 
a poWer source Wiring line through Which a poWer source 
potential is supplied, and 1402 indicates a poWer source Wir 
ing line through Which a ground potential is supplied. The 
poWer source capacitor is constructed to provide a capacitor 
With respect to the poWer source Wiring lines 1401 and 1402. 
Further, 1403 indicates a contact, 1404 indicates a gate elec 
trode, and 1405 indicates a drain region or a source region of 
the poWer source capacitor. FIG. 14D is a cross-sectional 
vieW of the poWer source capacitor, taken along line 1419-1419 
in a P-channel transistor producible region of FIG. 14C. In 
FIG. 14D, the gate electrode 1404 of the poWer source capaci 
tor is connected via the contact 1403 to the poWer source 
Wiring line 1402 through Which the ground potential is sup 
plied, and the drain region or the source region 1405 of the 
poWer source capacitor is connected via the contact 1403 to 
the poWer source Wiring line 1401 through Which the poWer 
source potential is supplied. With such a connection to the 
poWer source potential or the ground potential; a channel 
region 1407 is formed. A substrate 1410 is connected to the 
ground potential, and a gate oxide ?lm 1406, Which is an 
insulator, is provided betWeen the gate electrode 1404 and the 
channel region 1407, so that a poWer source capacitor 1408 is 
formed betWeen the gate electrode 1404 and the channel 
region 1407. 
Among the above-described conventional techniques, JP 

2002-110798 A describes a technique for a semiconductor 
device and a layout method Which employ a poWer source 
capacitor, the technique being most similar to the present 
invention. Hereinafter, a standard cell according to this con 
ventional technique Will be described With reference to FIGS. 
15A and 15B. In FIG. 15A, 1501 indicates a standard cell, 
1502 indicates a P-channel functional transistor region, 1503 
indicates an N-channel functional transistor region, 1504 
indicates a poWer source capacitor forming region, 1505 indi 
cates a poWer source Wiring line through Which a poWer 
source potential is supplied, 1506 indicates a poWer source 
Wiring line through Which a ground potential is supplied, 
1507 indicates a left-hand end portion of the functional tran 
sistor region 1502, 1508 indicates a left-hand end portion of 
the functional transistor 1503, 1509 indicates a ?rst poWer 
source Wiring line resistance, and 1510 indicates a poWer 
source Wiring line resistance. A poWer source capacitor is 
formed in the poWer source capacitor forming region 1504. In 
this case, When a functional transistor is operated as described 
above, since a current ?oWs through the functional transistor, 
an IR-Drop occurs in the standard 1501 cell due to a resis 
tance possessed by a poWer source Wiring line. Speci?cally, 
When a poWer source capacitor is formed in the poWer source 
capacitor forming region 1504 of the standard cell 1501, a 
current ?oWs from the poWer source capacitor to the func 
tional transistor 1502 or the functional transistor 1503 via the 
poWer source Wiring line 1505 through Which the poWer 
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4 
source potential of the standard cell 1501 is supplied or the 
poWer source Wiring line 1506 through Which the ground 
potential is supplied. 

With such a structure, a poWer source capacitor cell (the 
poWer source capacitor forming region 1504) having a poWer 
source capacitor can be provided betWeen standard cells for 
use in a semiconductor integrated circuit, thereby making it 
possible to reduce the IR-Drop of the standard cell. HoWever, 
a current path from the poWer source capacitor Which is 
formed in the poWer source capacitor forming region 1504 
adjacent to the standard cell, to the left-hand end portion 1508 
of the functional transistor region 1503 includes the poWer 
source Wiring line resistance 1509, resulting in a reduction in 
current from the poWer source capacitor to the functional 
transistor. 

FIG. 15B illustrates a conventional semiconductor inte 
grated circuit in Which standard cells are provided. 1511 
indicates a semiconductor integrated circuit, 1512a to 1512f 
indicate functional transistor regions, 1513 indicates poWer 
source capacitor forming regions, 1514a to 1514d indicate 
poWer source capacitor unformed regions, and 1515 to 1520 
indicate standard cells. In the semiconductor integrated cir 
cuit 1511, the standard cell 1515 has a functional transistor in 
the functional transistor region 1512a and a poWer source 
capacitor in the poWer source capacitor forming region 1513, 
and the poWer source capacitor has an effect of reducing an 
IR-Drop With respect to not only the functional transistor 
region 1512a in the standard cell 1515 but also the functional 
transistor region 1512b in the standard cell 1516. 
A size of a standard cell Will be described. Concerning a 

standard cell for use in automatic placing and routing, in order 
to facilitate connection of a poWer source Wiring line or the 
like betWeen standard cells, at least one of a size in a height 
direction and a size in a horizontal direction of the standard 
cell is ?xed, While the other size is arbitrarily designed. It is 
here assumed that the size in the height direction of the 
standard cell is ?xed, While the size in the horizontal direction 
is variable. 

Next, a size of a semiconductor integrated circuit in Which 
standard cells are provided Will be described. A size in a 
horizontal direction of the semiconductor integrated circuit in 
Which the standard cells are provided can be speci?ed With 
positions of standard cells placed at a left-hand end and a 
right-hand end of the semiconductor integrated circuit. The 
size in the horizontal direction of a standard cell can be 
speci?ed With a region in Which a functional transistor is 
formed. Therefore, the size in the horizontal direction of the 
semiconductor integrated circuit in Which the standard cells 
are provided can be speci?ed With regions in Which functional 
transistors are formed in the standard cells placed at the 
left-hand end and the right-hand end of the semiconductor 
integrated circuit. Also, the size in the vertical direction of the 
semiconductor integrated circuit in Which the standard cells 
are provided is determined, depending on the number of 
standard cells arranged in the vertical direction. When it is 
assumed that the standard cell has a ?xed size in the height 
direction, the size in the height direction of the semiconductor 
integrated circuit in Which the standard cell are provided is 
uniquely determined. 

HoWever, in the conventional standard cell 1501 of FIG. 
15A, a portion of the standard cell 1501 Which provides the 
functional transistor 1502 and the functional transistor 1503 
is separated from a portion of the standard cell 1501 Which 
provides the poWer source capacitor forming region 1504. 
Therefore, When a poWer source capacitor is constructed in 
the poWer source capacitor forming region 1504 of the stan 
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dard cell 1501, the area of the standard cell is increased by a 
region in Which the power source capacitor is formed. 

Further, the conventional structure is equivalent to a struc 
ture in Which the poWer source capacitor in the poWer source 
capacitor forming region 1504 is provided outside the stan 
dard cell. Therefore, for example, When the poWer source 
Wiring line resistance 1509 from the poWer source capacitor 
in the poWer source capacitor forming region 1504 to the 
left-hand end portion 1507 of the functional transistor region 
1502 in the standard cell 1501 is compared With the poWer 
source Wiring line resistance 1510 from the poWer source 
capacitor in the poWer source capacitor forming region 1504 
to the left-hand end portion 1508 of the functional transistor 
region 1503 in the standard cell 1501, there is a space region 
in Which no transistor is formed betWeen the functional tran 
sistor region 1503 and the poWer source capacitor forming 
region 1504, as compared to a region betWeen the functional 
transistor region 1502 and the poWer source capacitor form 
ing region 1504. Therefore, the Wiring line resistance is 
Wastefully increased by the space region. In other Words, an 
effect of reducing the peak lR-Drop of the left-hand end 
portion 1508 of the functional transistor region 1503 is 
reduced. 

In addition, When the standard cell Which includes a poWer 
source capacitor is used in a semiconductor integrated circuit 
as in conventional techniques, the overall area of the semi 
conductor integrated circuit is increased. 

SUMMARY OF THE INVENTION 

An object of the present invention is to reduce a distance 
from a poWer source capacitor element to a P-channel func 
tional transistor or an N-channel functional transistor, thereby 
reducing a resistance Which is responsible for 1R-Drop. A 
second object of the present invention is to avoid an increase 
in the areas of a standard cell and a semiconductor integrated 
circuit due to formation of a poWer source capacitor. 

To achieve the ?rst and second objects, the present inven 
tion provides a standard cell, a semiconductor integrated cir 
cuit comprising the standard cell, and a method of producing 
a layout of the standard cells, in Which a space region occur 
ring betWeen functional transistors in the standard cell is 
detected in LS1 design using automatic placing and routing, 
and a poWer source capacitor is constructed in the space 
region of the standard cell. Thereby, a separate poWer source 
capacitor forming region is no longer required, and a siZe of 
the standard cell is the same as When the poWer source capaci 
tor is not constructed. 

The present invention also provides a standard cell in 
Which a poWer source capacitor included in the standard cell 
is composed of a MOS transistor, and a substrate potential is 
used as a reverse potential Which is supplied to a gate elec 
trode of the MOS transistor. 

The present invention also provides a standard cell Which 
includes a poWer source capacitor in Which a source region or 
a drain-region of a MOS transistor constituting the poWer 
source capacitor and a source region of a functional transistor 
connected to a poWer source Wiring line are provided as a 
common region. 

The present invention also provides a semiconductor inte 
grated circuit designed using automatic placing and routing in 
Which, after standard cells are arranged, a poWer source 
capacitor is constructed in the semiconductor integrated cir 
cuit, and a siZe of the semiconductor integrated circuit is the 
same as When the poWer source capacitor is not constructed. 

Speci?cally, a standard cell of the present invention is a 
standard cell for use in LS1 design using automatic placing 
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6 
and routing, having a P-channel transistor region and an 
N-channel transistor region, in Which the P-channel transistor 
region has a P-channel functional transistor forming region in 
Which a P-channel functional transistor is formed, and the 
N-channel transistor region has an N-channel functional tran 
sistor forming region in Which an N-channel functional tran 
sistor is formed, and a poWer source capacitor element is 
formed in at least one of a region opposing the P-channel 
functional transistor forming region and present in the 
N-channel transistor region but other than the N-channel 
functional transistor forming region, and a region opposing 
the N-channel functional transistor region and present in the 
P-channel transistor region but other than the P-channel func 
tional transistor forming region. 
A standard cell of the present invention is a standard cell for 

use in LS1 design using automatic placing and routing, having 
a P-channel transistor region and an N-channel transistor 
region, in Which the P-channel transistor region has a P-chan 
nel functional transistor forming region in Which a P-channel 
functional transistor is formed, and the N-channel transistor 
region has an N-channel functional transistor forming region 
in Which an N-channel functional transistor is formed, and a 
poWer source capacitor element is formed in a region sur 
rounded by the P-channel functional transistor forming 
region and the N-channel functional transistor forming 
region. 
A standard cell of the present invention is a standard cell for 

use in LS1 design using automatic placing and routing, having 
a P-channel transistor region and an N-channel transistor 
region, in Which the P-channel transistor region has a P-chan 
nel functional transistor forming region in Which a P-channel 
functional transistor is formed, and the N-channel transistor 
region has an N-channel functional transistor forming region 
in Which an N-channel functional transistor is formed, and a 
poWer source capacitor element is formed in a region sur 
rounded by the P-channel functional transistor forming 
region, the N-channel functional transistor forming region, 
and an end portion of the standard cell. 
A standard cell of the present invention is a standard cell for 

use in LS1 design using automatic placing and routing, having 
a P-channel transistor region and an N-channel transistor 
region, in Which the P-channel transistor region has a P-chan 
nel functional transistor forming region in Which a P-channel 
functional transistor is formed, and the N-channel transistor 
region has an N-channel functional transistor forming region 
in Which an N-channel functional transistor is formed, and a 
poWer source capacitor element is formed in a space region 
other than a plurality of the functional transistor forming 
regions. 
A standard cell of the present invention is a standard cell for 

use in LS1 design using automatic placing and routing, having 
a P-channel transistor region and an N-channel transistor 
region, in Which the P-channel transistor region has a P-chan 
nel functional transistor forming region in Which a P-channel 
functional transistor is formed, and the N-channel transistor 
region has an N-channel functional transistor forming region 
in Which an N-channel functional transistor is formed, the 
standard cell further has a substrate contact forming region in 
Which a substrate contact is formed, and a poWer source 
capacitor element is formed in a region surrounded by the 
substrate contact forming region and at least one of the 
P-channel functional transistor forming region and the 
N-channel functional transistor forming region. 
A standard cell of the present invention is a standard cell for 

use in LS1 design using automatic placing and routing, having 
a P-channel transistor region and an N-channel transistor 
region, in Which the P-channel transistor region has a P-chan 
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nel functional transistor forming region in Which a P-channel 
functional transistor is formed, and the N-channel transistor 
region has an N-channel functional transistor forming region 
in Which an N-channel functional transistor is formed, the 
standard cell further has a substrate contact forming region in 
Which a substrate contact is formed, and a poWer source 
capacitor element is formed in a region surrounded by the 
substrate contact forming region, at least one of the P-channel 
functional transistor forming region and the N-channel func 
tional transistor forming region, and an end portion of the 
standard cell. 

In an example of the standard cell of the present invention, 
the poWer source capacitor element is formed betWeen a gate 
electrode of a P-channel or N-channel MOS transistor having 
the same structure as that of the functional transistor and a 
substrate thereof, and a potential reverse to the substrate 
potential is applied to the gate electrode. 

In an example of the standard cell of the present invention, 
a potential of at least one of a source region and a drain region 
of the P-channel or N-channel MOS transistor included in the 
poWer source capacitor element is the same as the substrate 
potential. 

In an example of the standard cell of the present invention, 
at least one of a source region and a drain region of the 
P-channel or N-channel MOS transistor included in the poWer 
source capacitor element and a source region of the P-channel 
or N-channel functional transistor are provided as a common 

region. 
In an example of the standard cell of the present invention, 

at least one of connection Wiring lines formed betWeen a 
poWer source Wiring line through Which a poWer source 
potential or a ground potential is supplied to the standard cell 
and a gate electrode, a source electrode, and a drain electrode 
of a P-channel or N-channel MOS transistor included in the 
poWer source capacitor element and having the same struc 
ture as that of the functional transistor is provided perpen 
dicular to the poWer source Wiring line. 
A semiconductor integrated circuit of the present invention 

is a semiconductor integrated circuit comprising a plurality of 
standard cells for use in LSI design using automatic placing 
and routing, each standard cell having a P-channel transistor 
region and an N-channel transistor region, in Which the 
P-channel transistor region of each standard cell has a P-chan 
nel functional transistor forming region in Which a P-channel 
functional transistor is formed, and the N-channel transistor 
region of each standard cell has an N-channel functional 
transistor forming region in Which an N-channel functional 
transistor is formed, and at least one of the plurality of stan 
dard cells in Which the P-channel or N-channel transistor 
regions oppose each other, comprises a poWer source capaci 
tor element in a space region other than the P-channel or 
N-channel functional transistor forming regions in the 
P-channel or N-channel transistor regions. 

In an example of the semiconductor integrated circuit of 
the present invention, the space region includes a space region 
other than the N-channel functional transistor forming region 
in the N-channel transistor region opposing the P-channel 
transistor region and a space region other than the P-channel 
functional transistor forming region in the P-channel transis 
tor region opposing the N-channel transistor region, and the 
poWer source capacitor element is formed in at least one of the 
space regions. 

In an example of the semiconductor integrated circuit of 
the present invention, a predetermined one of the plurality of 
standard cells has a substrate contact forming region in Which 
a substrate contact is formed, and the poWer source capacitor 
element is formed in a region surrounded by the substrate 
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8 
contact forming region and the P-channel or N-channel func 
tional transistor forming region. 

In an example of the semiconductor integrated circuit of 
the present invention, a predetermined one of the plurality of 
standard cells has a substrate contact forming region in Which 
a substrate contact is formed, and the poWer source capacitor 
element is formed in a region surrounded by the P-channel or 
N-channel functional transistor forming region and an end 
portion of the semiconductor integrated circuit. 

In an example of the semiconductor integrated circuit of 
the present invention, a predetermined one of the plurality of 
standard cells has a substrate contact forming region in Which 
a substrate contact is formed, and the poWer source capacitor 
element is formed in a region surrounded by the substrate 
contact forming region, the P-channel or N-channel func 
tional transistor forming region, and an end portion of the 
semiconductor integrated circuit. 
A standard cell layout producing method of the present 

invention is a method of producing a layout of standard cells 
for use in LSI design using automatic placing and routing, 
each standard cell having a P-channel transistor region having 
a P-channel functional transistor forming region in Which a 
P-channel functional transistor is formed, and an N-channel 
transistor region having an N-channel functional transistor 
forming region in Which an N-channel functional transistor is 
formed, the method comprising the steps of detecting, in the 
arranged standard cell, a space region in Which a poWer 
source capacitor element can be formed and Which is a region 
other than the P-channel and N-channel functional transistor 
forming regions, and forming the poWer source capacitor 
element in at least one of the space regions detected in the 
detecting step. 
As described above, in the present invention, a poWer 

source capacitor element is formed in a space region of a 
standard cell other than a region in Which a functional tran 
sistor is formed, thereby providing the poWer source capaci 
tor element Without avoiding an increase the area of the stan 
dard cell. In addition, the poWer source capacitor element can 
be provided in the vicinity of a functional transistor of the 
standard cell, and therefore, a poWer source Wiring line resis 
tance betWeen the poWer source capacitor element and the 
functional transistor can be caused to be smaller than that of 
conventional techniques, thereby making it possible to effec 
tively suppressing a peak IR-Drop. 

Further, in the present invention, the source region of a 
functional transistor in a standard cell and the source or drain 
region of a MOS transistor in a poWer source capacitor ele 
ment are provided as a common region, thereby making it 
possible to further reduce the area of the standard cell. 

Furthermore, in the present invention, the above-described 
standard cell is applied to a semiconductor integrated circuit, 
thereby achieving a semiconductor integrated circuit in Which 
a peak IR-Drop is reduced and there is not an increase in the 
area of the semiconductor integrated circuit. In addition, after 
standard cells composed of only functional transistors are 
arranged using automatic placing and routing, a poWer source 
capacitor element can be additionally formed in a region in 
Which a functional transistor is not provided, Without correc 
tion of the arrangement. Further, a poWer source capacitor 
element can be provided in the vicinity of a functional tran 
sistor in the semiconductor integrated circuit, thereby obtain 
ing a smaller poWer source Wiring line resistance betWeen the 
poWer source capacitor and the functional transistor than that 
of conventional techniques. Therefore, it is possible to effec 
tively suppress the peak IR-Drop of the semiconductor inte 
grated circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a structural diagram illustrating a standard cell 
according to a ?rst example of the present invention in Which 
a power source capacitor is formed in an N-channel transistor 
region. FIG. 1B is a structural diagram illustrating a standard 
cell in Which a poWer source capacitor is formed in a P-chan 
nel transistor region. 

FIG. 2 is a structural diagram illustrating a standard cell 
according to a second example of the present invention. 

FIG. 3 is a structural diagram illustrating a standard cell 
according to a third example of the present invention. 

FIG. 4 is a structural diagram illustrating a standard cell 
according to a fourth example of the present invention. 

FIG. 5A is a structural diagram illustrating a standard cell 
according to a ?fth example of the present invention in Which 
a poWer source capacitor is formed in an N-channel transistor 
region. FIG. 5B is a cross-sectional vieW of the poWer source 
capacitor of FIG. 5A. FIG. 5C is a structural diagram illus 
trating a standard cell in Which a poWer source capacitor is 
formed in a P-channel transistor region. FIG. 5D is a cross 
sectional vieW of the poWer source capacitor of FIG. 5C. 

FIG. 6A is a structural diagram illustrating a standard cell 
according to a sixth example of the present invention in Which 
a poWer source capacitor is formed in an N-channel transistor 
region. FIG. 6B is a cross-sectional vieW of the poWer source 
capacitor of FIG. 6A. FIG. 6C is a structural diagram illus 
trating a standard cell in Which a poWer source capacitor is 
formed in a P-channel transistor region. FIG. 6D is a cross 
sectional vieW of the poWer source capacitor of FIG. 6C. 

FIG. 7A is a structural diagram illustrating a standard cell 
according to a seventh example of the present invention, in 
Which a poWer source capacitor is formed in an N-channel 
transistor region. FIG. 7B is a structural diagram illustrating 
a standard cell in Which a poWer source capacitor is formed in 
a P-channel transistor region. 

FIG. 8 is a structural diagram illustrating a standard cell 
according to an eighth example of the present invention. 

FIG. 9A is a How chart of an automatic placing and routing 
method according to a ninth example of the present invention. 
FIG. 9B is a structural diagram illustrating a semiconductor 
integrated circuit. 

FIG. 10 is a structural diagram illustrating a semiconductor 
integrated circuit according to a tenth example of the present 
invention. 

FIG. 11 is a structural diagram illustrating a semiconductor 
integrated circuit according to an eleventh example of the 
present invention. 

FIG. 12 is a structural diagram illustrating a semiconductor 
integrated circuit according to a twelfth example of the 
present invention. 

FIG. 13 is a How chart of a conventional automatic placing 
and routing method. 

FIG. 14A is a structural diagram illustrating a conventional 
poWer source capacitor structure using an N-channel transis 
tor. FIG. 14B is a cross-sectional vieW of the poWer source 
capacitor of FIG. 14A. FIG. 14C is a structural diagram 
illustrating a conventional poWer source capacitor structure 
using a P-channel transistor. FIG. 14D is a cross-sectional 
vieW of the poWer source capacitor of FIG. 14C. 

FIG. 15A is a structural diagram of a conventional standard 
cell. FIG. 15B is a structural diagram of a semiconductor 
integrated circuit in Which conventional standard cells are 
provided. 
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DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Hereinafter, embodiments of the present invention Will be 
described With reference to the accompanying draWings. 

FIRST EXAMPLE 

FIG. 1 illustrates a standard cell according to a ?rst 
example of the present invention. For the sake of simplicity, a 
poWer source Wiring line and a signal Wiring line in the 
standard cell Will not be explained. 

Firstly, a size of the standard cell Will be described. Con 
cerning standard cells for use in automatic placing and rout 
ing in LSI design, in order to facilitate connection of a poWer 
source Wiring line or the like betWeen the standard cells, at 
least one of a size in a height direction and a size in a hori 
zontal direction of the standard cell is ?xed, While the other 
size is arbitrarily designed. It is here assumed that the size in 
the height direction of the standard cell is ?xed, While the size 
in the horizontal direction is variable. 

Next, a size of a semiconductor integrated circuit in Which 
standard cells are provided Will be described. A size in a 
horizontal direction of the semiconductor integrated circuit in 
Which the standard cells are provided can be speci?ed With 
positions of standard cells placed at a left-hand end and a 
right-hand end of the semiconductor integrated circuit. The 
size in the horizontal direction of a standard cell can be 
speci?ed With a region in Which a functional transistor is 
formed. Therefore, the size in the horizontal direction of the 
semiconductor integrated circuit in Which-the standard cells 
are provided can be speci?ed With regions in Which functional 
transistors are formed in the standard cells placed at the 
left-hand end and the right-hand end of the semiconductor 
integrated circuit. Also, a size in a vertical direction of the 
semiconductor integrated circuit in Which the standard cell 
are provided is determined, depending on the number of 
standard cells arranged in the vertical direction. When it is 
assumed that the standard cell has a ?xed size in the height 
direction, the size in the height direction of the semiconductor 
integrated circuit in Which the standard cells are provided is 
uniquely determined. 

FIG. 1A and 1B each illustrate an exemplary standard cell 
of the present invention. In FIG. 1A, 102 indicates a P-chan 
nel transistor region, 103 indicates an N-channel transistor 
region, 104 indicates a P-channel functional transistor form 
ing region in Which a P-channel functional transistor is 
formed, 105 indicates an N-channel functional transistor 
forming region in Which an N-channel functional transistor is 
formed, and 106 indicates a poWer source capacitor forming 
region in Which a poWer source capacitor is formed. A poWer 
source capacitor element is formed in the entire or a portion of 
the poWer source capacitor forming region 106. 101 indicates 
a standard cell including the P-channel transistor region 102 
including the P-channel functional transistor forming region 
104, and the N-channel transistor region 103 including the 
N-channel functional transistor forming region 105 and the 
poWer source capacitor forming region 106. 

In FIG. 1B, 108 indicates a P-channel transistor region, 109 
indicates an N-channel transistor region, 110 indicates a 
P-channel functional transistor forming region in Which a 
P-channel functional transistor is formed, 111 indicates an 
N-channel functional transistor forming region in Which an 
N-channel functional transistor is formed, 112 indicates a 
poWer source capacitor forming region in Which a poWer 
source capacitor is formed, and a poWer source capacitor 
element is formed in the entire or a portion of the poWer 
























